Percutaneous dilatational tracheostomy is frequently performed as an alternative to traditional surgical open tracheostomy with many reported benefits. Despite its relative safety and widespread acceptance, complications can be associated with the procedure itself or long-term. We present four cases where there was difficulty with decannulation because of exuberant obstructive granulation tissue. In each case, the percutaneous tracheostomy involved the cricoid cartilage.
Percutaneous dilatational tracheostomy (PDT) at the bedside is a favoured method of airway management in the long-term ventilated patient. Whilst one early report 1 suggested the technique should be "relegated to the waste pile of the many other previously failed puncture techniques for tracheostomy", many papers [2] [3] [4] [5] have since confirmed its widespread use in the adult intensive care unit (ICU). Advantages over the open technique include rapid performance, reduced bleeding, less infection, better cosmetic result, reduced cost, more secure anchoring to minimize accidental decannulation and no need for transport to an operating theatre. This is not to say that complications have been scarce. Deaths have been reported 1, [6] [7] [8] and immediate complications 2, 4, 9, 10 have included haemorrhage, paratracheal cannulation, subcutaneous emphysema, pneumothorax and tracheo-oesophageal fistula. Other authors 6, 11, 12 have studied the long-term complications of PDT and claim that the incidence of tracheal stenosis and also of voice change is lower than after standard tracheostomy.
Suprastomal granulation tissue has been reported after tracheostomy by any technique. It is seen so often in children as to be considered by some a routine finding 13 and in the occasional case where it is excessive, methods have been described to overcome its potential for delaying decannulation [13] [14] [15] [16] . Formation of granulation tissue is part of attempted wound healing and is promoted by a combination of the tracheostomy tube acting as a foreign body and infection associated with tracheostomy 17 . Some reports 3, 18 have referred to suprastomal granulations after PDT but have made no mention of the part they might play in delay in decannulation. The recommended site of tracheal puncture for PDT has been either subcricoid or between the first and second tracheal arches, although some authors have mentioned the potential risk associated with subcricoid puncture [19] [20] [21] . Our report is the first to emphasize that decannulation difficulty can be caused by a high puncture with damage to the cricoid cartilage resulting in formation of obstructive suprastomal granulations.
MATERIALS AND METHODS
Eighty-two PDTs were performed in the Royal North Shore Hospital ICU during the 1997 calendar year: 28 died of their presenting illness, leaving 54 who were studied in this series. Nine of these required endoscopy.
The indication for PDT was usually to replace an endotracheal tube in a patient requiring prolonged ventilation and occasionally for a patient requiring long-term pulmonary toilet. The absolute contraindications were coagulopathy (INR >1.5) or acute burns over the anterior neck.
Six different intensivists performed the procedure using the Ciaglia 2 Percutaneous Tracheostomy Introducer Set (Cook Critical Care, Cook Inc., Bloomington IN, U.S.A.), with insertion of a cuffed tracheostomy tube (outside diameter from 10 mm to 12 mm). Flexible fibreoptic bronchoscopic guidance was occasionally used, depending on the preference of the operator.
The otorlaryngologic team was consulted in the ICU if there was failure to tolerate capping of the tube indicating potential decannulation difficulty. Other patients were seen after transfer from ICU to the ward, where the ENT team was responsible for tracheostomy care. Direct laryngoscopy and bronchoscopy were undertaken for stridor or distress on capping, excessive blood suctioned from the tube or intractable aspiration.
RESULTS
Nine of the 54 patients required endoscopy under general anaesthesia. Four proved to have obstructive intraluminal granulation tissue related to a high tracheostomy. Endoscopy findings, management of obstruction and outcome are summarized in Table 1 . Figures 1-4 show the laryngoscopic appearance of the intraluminal granulation tissue in each of cases 1-3.
DISCUSSION
As long ago as 1921, Jackson warned of the dangers of high tracheostomy and its role in tracheal stenosis 8 . The site of tracheal puncture was not challenged until 1982 when Brantigan and Grow 23 expressed a view that cricothyroidotomy could be safely undertaken if the larynx was normal but that cricothyroidotomy performed after the larynx had been damaged by prolonged tracheal intubation could lead to subglottic stenosis. Ciagli, when developing his PDT technique, at first argued the safety of subcricoid tracheostomy 2 but later acknowledged that puncture between the first and second tracheal arches was preferable 3 Lower levels than this have been deliberately avoided during PDT because the puncture is blind and unseen damage to the thyroid isthmus or large anterior blood vessels can occur. Winkler et al 19 acknowledged the risk of perichondritis of the cricoid cartilage and advised PDT at a lower level. Animal studies have shown that cricoid damage and mucosal injury may result in cricoid collapse 24 . Van Heurn et al 21 Previous series studying PDT noted that intratracheal granulation tissue was either absent or of minor quantity 3, 4, 6, 18, 25 but as far as we are aware our report is the first to highlight obstructive granulation tissue after subcricoid PDT. In three of our four patients there was reason for difficulty in siting the tracheostomy at a lower level-Case 2 was obese, Case 3 had spinal injuries (precluding neck extension) and in Case 4, where the patient suffered fracture and necrosis of the cricoid, no other tracheal arches were available in the anatomically short neck.
The diameter of the tracheostomy tube is a contributing factor: there is at least a 5 mm difference between the initial puncture site and the superior aspect of a 10 mm outside diameter tracheostomy tube after final placement. In addition, tubes may be sited obliquely and there may be compression of the anterior tracheal wall associated with forceful repeated dilatations. Thus even a puncture 10 mm or more below the lower border of the cricoid could result in a tube lying adjacent to it. In this series, no PDT situated below the first tracheal arch promoted granulations sufficient to cause delay in decannulation.
The most important cause of the exuberant granulation tissue appears to be perichondritis of the anterior lamina of the cricoid cartilage but other factors could contribute. All our patients had prolonged endotracheal intubation, with its attendant laryngeal trauma 22 , for at least three days by the time of the PDT. In addition one patient grew methicillin resistant Staphylococcus aureus from the tracheostomy (Case 2) and another underwent multiple endotracheal intubations (Case 1). Other factors may have contributed to respiratory distress at the time of capping. One had severe chronic airway limitation (Case 4) and one had decreased chest wall movement as a result of spinal injury (Case 3). However, in the absence of granulation tissue, there would have been no reason to resite the tracheostomy in Case 1, no respiratory arrest in Case 2 and no difficulty with decannulation in Cases 3 and 4. Moreover, the PDT is generally performed in patients who are critically unwell and may have multiple factors contributing to respiratory compromise.
Treatment may involve inserting a smaller diameter tube, resiting the tracheostomy lower, removal of granulation tissue with forceps or with the carbon dioxide laser and treatment of infective perichondritis with systemic antibiotic therapy and regular local application of a disinfectant around the tracheostomy wound.
Contraindications to PDT include coagulopathy, enlarged thyroid gland, obesity 19 , burns of the anterior neck skin and a short muscular neck making landmarks difficult to palpate 3 . While acknowledging the obvious advantages of the PDT technique, it is our contention that if these or other factors create doubt about the placement of percutaneous tracheostomy lower than the first tracheal arch, traditional surgical tracheostomy, allowing better exposure of the anatomy and more accurate incision into the trachea, should be considered.
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